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FREE-SPINNING-TUNNEL TESTS OF A - —SCALE MODRL OFTHE . -
MCDONNELL XP-88 ATRPIANE WITH A CONVENTTONAL TATL. we

By Theodore Berina._n I K ' ~ .--::~-:;.; :

SUMMARY |
| S ' C. B

A% investigation of the epin and recovery characteristics of &

-éli--scalé ‘model of the McDomnell XP-88 airplane has been conducted

in the Langley 20~foot free-spinning tunnel. The seffects of combrol -~
settings and movements on the erect snd Inverted spin and recovery
characteristica of the model in the normel loeding were determined,
Tests of the model in the long~rsnge loading alsc were made. The
investigation included tail-modification, spin—recovery parachute,
pllot-escape, and rudder-pedel-force tests.

Recoveries were generally gatisfactory for spins in the normal
loading provided the allerons were not held agelnst the spin.
Satisfactory recoveries were obtained regardless of alleron setting
when the leading-edge flaps were deoflected and normel recovery
technique was used or when the horizontal tall was raised 70 inches,
full scale. Recoveries were rapid from all inverted spins ‘obtained.
In the long-range loeding with tanks on, 1t may be necesgsary to
Jettison the. tanks in order to obtain recovery. A 12,.0-foot spin-
recovery parachute at the taill or a 4.0-foot parachute opened on
the outer wing tip (drag coefficlent of 0,66) was found to be
effective for.recoveries from demonstration gpins, Test results
showed that in an emevrgency the pllot should attempt to escape
from the outboard side of the spinning airplans., The rudder—pedal
forces in a spin were indicated to be within the capabllities of
the pllot. - '
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TNTROBUCTION

In accordance with the request of the Air Materiel Commend,
Army Alr Forces, taesis were performed in the Langley 20-foot free—
spinning tunnel to determine the spin and recovery characteristics

of a —-E-ecale model of the McDonnell IP—BB eirplane. This airplane

is a midwing, Jet—-propelled. fighter wi’ch gweptback wirig and swept—
back tail surfaces. . _

The erect and inverted gpln and recovery cha.raoteristics of
the model were determined for a normel-fighter loading and for
long-rangs loasding. Tests were elsc made %o determine the minimum
parachute slze for emsrgency recovery, the rudder—pedal force
necessary to effect recovery, and the proper procedure to follow
if 1t became necessery for the pllot to leave the alrplane during
a spin, The effoct of depressing the leading-edgs fla.ps Was a.lso
investigated. '

The rudder length of the model was increased after the visit of
My, D, B, Parke of the McDonneJJ.Aircraft Corporation who stated that
the tall design has been changed. The rudder was extended from'
water line 70 to water line 62.6, In conjunction with thils change
several other tall modifications were also tested.

SYMBOLS -
b wing spen, feet =~ .
] wing area, square feet L
c wing or eleve.tor chord. a.t a.ny station along span
¢ mean asrodynaimic chord. feot
x/c ratio of digtance of center of -gra.\'ri'l;,y vearwerd of

leading-edge of mean serodynemic chord to msan

aerodynamic ohésrd. :

z/€ ratio of distance between center of gra.vity and water
line (WL) 26.2 to mean serodynamic chord (positive
vhen center of gravity is below line)

n maag of alrplane, slugs
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Ix, Iy, ;‘;Z,"'Ln' moments of inertia gbout X—~, Y~, and Z-body axes,
T rospectively, s:!.ug-—feet2 : :

=3 e 1ner‘bia ya.wing—mmnent pwame’oer
i
IY bl IZ . . . o - e A . . :_f . ks “'.‘ )
5 inertia rolling-moment parameter T
m oo . - --.' '.'-‘..-'.-".
3 inertle pltching-moment parameter ;
mb . : . - : _ ) !. g
CR S ;a;ir-d.ensity, glugs per oubic foot
H relative d.ensity_ of airplane = : - —
: ) angle between water 111:9 26.2 and verbical
o .. (epproximately egual to absolute value of
C " engle of attack at plane of. eymmetry) > dogrees
¢ , angle between span exis and horizontal, degrees
full-scale true rate of d.escent s Teet per mecond
full-scele angular velocity sbout spin axis,
revolubions per second '
4 heolix angle angle between £light path and vertical,
' : dogrees tFor the tests of this model, the average
absolute va.lue of the helix angle was epproxi—
‘mately 4°.)
B © approximate angle of sideslip at center of gravity,

degrees (Sideslip i1s inward when inner wing is
dovn by en amount greater than the helix angle.)

APPARATUS AND METHODS : -
Model
The —E— scele model of the McDonnell XP-88 airplane was bullt
and prepa.red. for 'best:lng 'b;,r the Iengley Laboretory. A three~view
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drawing of the model: in the .Clean cond.ition is ehown :Ln figure 1

- Dimensional ¢haracteristics of ‘the-giirplane are presented in.

table I, Tail-damping power factor was computed by the met_-,hod
described in reference 1, Fhotographs of the model in the normal
(tanke~off) snd* long~renge (tanks-on} loadings sre shown in figure 2.
Sketches of the tail modifications tested are shown in figure' 3.

A gketch of the wing leading-sdge flaps in the normel and depressed
positions is shovn in figure k.

: The model was ballasted to obtain dynamic eimila.rity o the
alrplane at an eltitude of 15,000 feet (p = 0,001k96 slug/cu f£t).
For the pilot-escape tests, use was made of a model of a 200~pound
man, also ballasted at 15,000 feet. A remcte-control mechenism.
was installed in the model to actuaste the controle for the recovery
attempts, to release the pilot for the pilot-escape tests, and to
open the perachutes for the tall end wing—tip parachute tests.
Sufficlent moments wers exerted on the controls for the recovery
attempts to reverse them fully and rapldly.

Wind-Tunnel and Testing Technigue

v The tests were performed in the Langley 20-foot free—spinning
tunnel, the operetlion of which lg, in general, simllar to that -
degcridbed in reference 2 for the Langley 1l5~fool free~spluning
tunnel, except that the model lasunching technigue has been changed.
With the controls set in ths desgired positions the model is launched
by hand with rotation into the vertically rising air stream., After
a number of turns in the established spin, the recovery asttempt is-
mads by moving one or more controls by means of a remote~control
electro-magnetic mechanism, After recovery the model dives into

& safety net. A photograph of the model during a spin is shown in

figure 5,

The spin data presented were determined and converted from
model values to corresponding full-gcale valusas by methods described
in reference 2. Spin~tunnel teste are made to determine the spin
and recovery characteristics of the model for the normal-spinning
control configuration (elevator full up, ailerons neuwtral, and
rudder full with the spin) and at various other aileron—eleVator
control combinations including zero and maximum deflections.
Recovery le generally attempted by rapid full rudder reversel.
Teats are elso performed to evaluate the posslble adverse effects
on recovery of small deviations from the normal control confilgure—
tion for spinning. For these tests, the allerons are set at one-
third of the full deflection in the direction conduclive to slower
recoveries (against the spin for the XP-88 model), and the elevator
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16 gé% at two-thirds of ite full-up deflection. Recovery is
attempted by either rapldly reversing the rudder from full with
the spin to fwomthirds 'against the spin or by movement of the. . .
ruddey to two—thirds egainst the spin in conjunction with moving
the: elevator ‘to one~third down. This control copflguration end
movemént 1s:-referred to as the "oriterion epin.” Fecovery charac—
terietics of the model ars considsred satisfactory if recovery
from this criterion spin reguires 2{: 'burns or less by rudder

revergEl or-a’ combina.tion of rudder and. elevator. réversal. This
valus Hasg 'been 8olected on the basia of spin-tummel experience

&nd: ‘oni-the ‘basis”of the comparable full-scals a.irpla.ne spin- @ .
recovery d.a.ta tha.t are available, '

For ‘trhe sp‘lna “which ha.d. a. ra.te of dsscent in exceas’ 'of that,
vhich cé&h’ rea.d.ily be sttained in the tummel, the rate of degcent .
was recorded ss grester than the velosity a.t the time the model
hit the safety met, for exzample >300 Pfeet per second, For
these teste, the rei:overy was attempted before the model resched
i1ts final steeper attitude and while the model was stlll descending
in the twmel, Such resulis are conservative; that is, recoveriles
will not be as fast as when the model is in the final steeper
attitude. For recovery attempbs in which the model struck ‘the
gsafety net while it wes still 4in a spin, the recovery was recorded
ag greater than the number of turns from the time the controls were
moved to the time the model struck the net, as 3. A > 3I=tum
recovery does not neceasarily indicate an improvement over &
> T=turn recovery. For recovery asttempts in which the model did
not recover, the recovery was recorded as «, When the model
recovered without control movement, with the controls with the
spin, the result was recordsd as "No spin.™

The testing technique for determining the minimm slze of,
and the towline length for, spin-recovery parachutes ls desori‘bed.
in detall in reference 3. For the tall parachute tests, the
parachute pack and towline were attached to the model below the
horizontal tall near the rear of the fuselage and on the inboard
gids. Wing-tlp parachutes were attached to the outer wing tip.
When the parachute was attached to the wing tip, the towllne length
wag 80 adjusted that the parachute would Just clear ths horizontal
tail, In every’ caseg, 'bh,e Tolded perachute was pldced on the -
fuselage or wing in such a position that it 4id not seriously
influence the steady spin before the parechute wes opened. For
a full—-scale-wing parachute Installation, If practicsble, it is
adviseble that the parachute be packed within the wing., Full-scale
parachute installations should be provided with positive means of
eJection, TFor the ocurrent tests, the rudder was held with the epin
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during recovery so that rpcovery was due entirely to the effect of
opening the parachute. .Silk parachutes having a drag coefficlent

of epproximately 0,66 (based on the canopy area measured with the
parz.chube spread. out flat) were used for the spin—recovery parachute
tosgts. .

For the teats to d.etemine £rom which side of the spinning
ailrplems .1t would be best for the pilot to make an emergency escape,
the pilot was released from the inboard and outboard side of the
fusslape at the cockpit in both steep and fleat lpins and the path
of egress noted.

The full-ecale rudder—pedal force necessgary to move the rudder
for recovery in a spin was determined from model tests. For these
tests, tension in the rubber band which pulls the model mdder ageinst
the spin was adjusted to represent a knowvn value of hinge moment
sbout the rudder hinge line and recovery tests were run. The tension
was reduced systematicelly until the turns for recovery began to
Incresse., The model ruddsr hinge moment at this point was taken es
the minimum tension which should he epplised and was converted to
corresponding full-scals rudder-pedal force at the equiva.lent
altitude a.t which the tegts were run, '

PBECISION

The model test results presented sre believed to be true values
glven by the model within the following limits: :

al’ deg‘ee . - [ ] . * L] [ ] [ ] l. L] L] L ] [ ] 'l L) - L . L ] * a . L [ L d . L d [ . :1
¢, d-eme LI ] ¢« & e o @ ‘-- « u ¢« o . . . e T Y | . a L] Ll e & s 8 . v e .'t,l
‘ Percent * L] L] . a . L] L] . [ ] - L] L d . . [ . L] . * . L) . . * L] L] . .t5
n, percent . < - . . L] [ . a [ ] : . . . - L - 3 ‘. . . L] . . . 1] Ll . L] . 22
' ' _"_'% from motion-picture records
Turng for reCovery . « . . o v « o « . ‘w1

f= Prom visual observation

!

. The preceding limits may have been exceseded for some of the splne
in which it was difficult to control the model in the tunnel because
of the high rate of descent or because of the wan.dering .or oscillatory
nature of the epin.-

Comparison between model.and full—scale results (references 2
end 4) indicates that gpin-tunnel results are not always in.complete
agreemont with airplane spin resulte. In genersal, the models spun
at a somewhat esmeller angle of attack, at a -somewhat higher rate of
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_ aescent and. at from 50 4o 1o° fiore outward. sideslip tha.n 414 the
: a.irplanes.. The comparison meds in reference b for 20 airblanes
.*. showed that 80 percent of the models predicted swbisfactorily the
“pumber of turns required for recovery from the spin for the corre—
spording airplanes and that 10 percent overestimated a.nd 10 .percent
underestimated the. number of tuxns required. Coas

Little can be stated about the - precision of the pilot-escape
tests because' no compareble airplans date are availeble. It iz
.. felt, however, that if the model pilot is obgerved to clear all
parts of the model by a large margin after beihg released, then
the tests indica'be ‘that the pilot will be eble to escape during
.8 spin . . .

B -

. Bsca.use i'b is mpractica'ble bo ballast the model exactly, a.nd
~becdause of the inedvertent damage to the model during tests, the.’
measured weight and mass dilstribution of the XP-88 model varied -
from the trus scaled—down values with:!.n the following l:tmi'be- -.-' "
weigh’b,percent....-.."....'...... llowtolhigh
Center--of—gravity location, percent T .0 to L4 resrwerd of normal

percent.'. . . . « 1'high to 8 high
Lf!oqsqr;i;_.s Qf in_e_r{;i_a.. Y’ percent . .oy . . h- high to 19 high
o R o IZ, percent e ee . 3 high to 16 high

ﬁ
AL

'i'be accuracy of measuring the welght and mass distridbution is
helie'y’ad. ta be within the following limite:

Weight’ mrcent & L . L] L L} L L ] . L} L] L 4 Ll Ll
Center—-of—gravity location, percent € . . .
Moments of inertla, percent . . . . . . . .

t ot

Controls were set with an acouracy of I1°,
N . . !

TEST CONDITTONS

Tegts.were porformed for the model conditions listed iIn

- teble II. The mass characteristice end inertie parameters for :
loedings posslble on the airplens and for the loadings of the model
during tests are shown in teble ITI. The inertla parameters for
the loadings possible on the XP-88 airplans and for the loadings
tested on the model are also shown in figure 6. As discussed in !
veforence 5, figure 6 can be used in predicting the relative effec-
tiveness of the controls on the recovery characteristlics of the
nmodel,
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The maximum control deflections used in the tests wore:

20 right, 20 left
. « 25 up, 15 down
. « 20 up, 20 down
LI I -.039 d-om

Rudder, degrees . . . . .
Elevetor, degrees . . . .
Allerons, degress . . . .
leading—edge fleps, degrees

. LI T B ]
. « r e 0
. . ¢ s @
L . L4 L} .

Intermodiate controf’deflections used were:

i
1

Rud.d'er’ t‘WQ—'bh;.rd.B defleoted, dageea P c . -- .- -o."a .l e et :-'..- .

|
L
Wik

Elevator, two~thirds up, degrees e e e e e e J»;};'.{;;ﬂf

F T
ﬂr R

\J'IW

Elevator, one«third down, degrpes R 9
Allerong, one—third deflected, degreqé e e e e e e e

A fev tests were alsoc made with the eilerons deflected only

A

RESULTS ASD DISCUSSION s ;Z-

The results of the spin tests of the model are presented in
charts, 1 to 4 and in tebles IV and V. The model deta are presented
in terms of the full-scsle valuss for the alrplane at a test altitude
of 15,000 feet. Unless otherwise stated, 21l tests were perfoimed.
with the model in the clean condition (cockpit closed, flaps neutral,
and landing gear retracted). Results for right and left spins were
auite similar and in the charts, results for right spins are arbi-
trarlly presented.

Normal Loading

Erect spins.— The results of erect gspin tegts of the model in
the normal loading (loading point 1 in table III and fig, 6) are
ghown in chart 1. For the normasl control configuration for
spinning, the model spins were moderately steep and oscillatory
end recoverles by rudder reversal were rapld. FElevator setiing
wag found to have little effect. When the ailerons were set with
the spin, the spins became very steep and recoveries were rapid.
When the ailerons were get fully against the spin, the model spins
vere wandering and oscillatory in roll and yaw, and the model
attitude became slightly flatter, but 1t became difficult or
impossible to obtain recoveries., The criterion spin (ailerons

o
6%' against the spin, elevator two-thirde up) was somewhat

.
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similer to the -sping 'with a.ilerons full aga.inst the spin but not
ag-oscillatory, Recoverles vyaried from aa.tisfaetory to unsatis—- -

" " factory. When the milerons were seét af only 5° ageinst the spin,
- 'however, aJ.l recover‘ies Were sa'bisfactory.

... . . These results showed that the model recovery characteristice
" were unsatisfactory for the criterion spin. In judging the over—
all spin~recovery characteristics of this airplene, however, it
is believed to be permissible to deviate slightly frém the normal
criterion, For the XP-88 airplane without exbernal wing tanks,
the loading is always prea.omine.n‘oly heavy.. ‘along the fuselage.
. Spin-tunnel expe¢rience has indicated that for such a loading
" condition, small deviations in loading from normal such as might
be encountered during flight with fuel being consumed willl not
elter the gensral nature of the recovery charscteristica and with
allerons neutral or with the spin, conalstently good recoveries
will be cobtained. The floabting tendency of the ailerons ag -~
.. indicated In reference 6 will be such as o make them float with
"the spin, Therefore, unless the pilot forelbly moves the ailerons
against the spin, the ailercns will probably be with the spin and
recoveries will be sa.tisfactory.

Tall modifications.— Several tail modificetions were investi-—
gated in an attempt to determine the extent of modifications
required to make the recovery characteristics meet the standard .
criterion., The oconfigurations togted dre gshown in figure 3 and -
the test .results are shown in table IV. It was found that with.
"a large ven‘bra.l fin (number 2) and rudder extension (number L), .

_ satisfactory re.coveries were obtained for all alleron settings..
‘This” mo&iffca'bion is the equivalent of- moving the horizontal
tall upwerds ‘spproximetely 70 inches .(full sosle) while keeping
the trailing ed.ge in the sa:ma pesition rela.tive $o the rud.der.

- ;gy_e_r_@m - The results of the imrted spin tests of
the model in the normal losding are presented in chert 2. The
order used for presenting the data for inverted spins is different
from that used for erect sping. For Inverted spins "controls
crossed" for the established spin (right rudder.pedal forward and
stick to the pilot's left £or a spin turning to the pilot's right)
is presented to the right'of the .chart and stick back is presented
at the bottom. When the controls are crossed In the established
gpin, the allerons =ald the rolling motion; when the controle are
together, the allerons oppose the rolling motion. The angle of
wing tilt ¢ on the chart is given as uy or down relative to the
ground. TR ‘

Lol
. LA
ot '
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The inverted spin-vecovery characteristice of the model were
satisfaptorys’:The model would not epin with the stick laterally
neutral and forward or when the controls were together and the
,,stick forward. With the controls. crossed, the model spun for all
elevetor settings and satisfectory recoveries were obtainsd by
rudder reversal,

L deoo
e - M y ..-
: v.',"q L oeed < Ee
-

Lee.d.ing—Ed.ge Fla.ps

'I.'he resultas of tesdts with the lea.d.ing-ed.ge fla.ps deflected
(fig. 4) are pressénted in chart 3. Theme results show a marked
effect in that the poor condition previeuwsly: obtalned with the

aileron egeinet the spin now becams "No spinsg' and recoveries

) frmall spins were sebisfactory. This effect 1s similar to
.'trend,s indicated for airplanes with leading-edge slote (reference 7).

These .results show that the leading-edge flaps can be an effective

.

qmer@ncy—-recovery device, If difficulty is encountered in a
.recovery sttempt from the normal loading,  the” control should be
returned. to the normal spinning configupation; the’ leading-edge
flaps should be deflected, and recovery attémpted again.

v

Long-Ra.nge Loading o T

Teast results c'bta.ined wvith the mad.el in the long~range loeding
(loading point: 2 .1n table ITI and £ig. 6) ave presented in chart 4.
This loeding was obtained by 1n&tall;l.ng .9xtetnal wing—tip.fuel
tanks, The results show two types.of spin.for all but two of the
control configurations tested ‘l‘he -model, iwhen launched into the
tunnel, continued to- sp;n in 'bhe flat attitude at which it was
launched for an a’bnormally long tims byt in all cases, eventually,
the model steepsiled and reached equilibriwm in a steeper. spin.

‘It was folt that this result might be en indication that the sir-
plene might have two possible conditions:of spinning equili‘brim
a.nd. therefore the rasul'bs are presented’ as two types of .spin,

. ,The data sghow: sa.tisfa.ctory recoverias rrvom the ateep spins
by rudder reversalsalond but unsatisfactory 'recoveries from the
flat - -gpins by rudder ‘reversal alons .or: by similtenoons rudder and

" elevator reversa.l. 'I‘h:Ls lattar condition may not be critical,

however, Iinasmuch-es the a,imlane ordinarily enters a spin from
_stall and roll~off and thus 1s.in a steep:attitude at the start

~ of the gpin whilsé the model 15 la.tmched into 'ths- tunnel in g flat

attitude; 'The nmodel showed iio tend.ency to return to the flat

"attitude once the steep attitude was attained. If the alrplane

appeere to be entering the flat gpin, however, recovery should
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be attempted imediately and if recovery is not imminent, the ta.nks
should. 'be Jettisonsd. a.nd the recovery a:btempt repaated. ..

AR Y

' Spin—'-Reoovéry.Paraohutes -

The results of spin-recovery perachute tegts are presented
in teble V, A tail parachute 12,0 feet in diemeter with a towline
40 feet long effected satisfactory recovery of the airplane by.
parachute action alone. A 9.6~foot-diamster tail parachute was
considered merginsl. Setisfactory recoveries wers also cbtained
by opening a hk~Ffoot—diameter parachute attached to the outer wing
tip with a- l6—i‘oot twline

’I'he model parachutes as tested ha.d values of d.rag coefficient
of epproximately 0.66. If a parachute with s different drag -
coefficient is used on the airplene, a corresponding adjustment
will be required 1n parachute size.

Pilot—Escape Tests

During the tests performed to determine from which side of
the spinning airplane the pilot should atiempt an emergency escape
it was observed that the model pilot went under the lesdling edge of
the outboard wing and cleared the tall of the airplane when released
from the outboard side of either flat or steep spins. When released
from the inboard slde, the model pllot went over the fusslage and
followed approximately tHe seme path as when releassed from the
outboard side, These results indicate that the pilot should Jump
from the outboard side iIf it 1s necessary to gbandon the aivrplane
in g spin, as he will travel over a shorter path and thus have leas
chance of striking any part of the alrplane.

Landing Condition

The landing condition was not tested on this model inasmuch
as current Army speciflcations reguire this type of elrplane to .
demonstrate satisfactory recoveries in the landing conditlon from
only l-twn spins. At the end of 1 turn, the alrplene will probably
st1ll be in an inciplent spin from which recoveries are more readlly
obtained than from fully developed splins.

An analysis of full-scale end model tests to dstermine the
effect of flaps and landing geer indicates that although the XP-88
airplane will probably recover satisfactorily from an -inciplent spin
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in the landing condition, recoveries from fully developed sepins mey -
be unsatisfactory. Therefore, in order to avold entering = fully .
developed spin, it is recommended that the treiling-edge flaps be
neutralized aend recovery attempted immediately upon inadverbently
entering a spin in the lending conditiom. :

T o - 3
L Y . . - - FE . R L

cando - Rudder Forces . - R S

The discussion of the resulte so far has been based on control :
effectiveness alone without regard to the forces required .to move
the controls: Ae previously mentiened, for all tests sufficient
force was applied to the comtrols to move them fully and rapidly.
Sufficient force must be applied to the airplane controls to move
them 11 ¢ .simllay-Mmannsr in ordexr for the model and- airpleme
results to 'be compsrable.

A few tests weve performed with the mca.el in the normal 1oa6.iﬁg
in which the forces applled to the rudder in order to effect a
satlisfactory recovery were measured. The results indicated .that
the full-scale pedal force would be within the cepabilities of the
pilot. The pedal force was found t0 be approximately 160 pounds
from the model.tests. Because of lack of detail in the rudder -
belance of the model, of inertis masss~balance effects, 'and of
scele .effect, these results are only gqualitative lndications of
the actual forces that may be experienced. These tests were made ¥
with the original rudder on the model. It is belleved that with
the rudder extension plannsd by the McDonnell Alrcraft Corporation
or the other modifications teated the forces will be higher but
not beyond the capebllitles of the pilot.

Recommended Recovery Technigue

Based on the results obtained with the model and upon general
spin-tunnel experience, the following recommendations are made as
to recovery technique for all loasdings and conditions of the air-
plane.

For erect spins, the rudder should be reversed briskly from

" full with the spin to full aga.inst the spin followed one-hslf turn

later by movement of the stilck forward maintasining it laterally neutral

(normal recovery technique);care should be exercised to avoid -
excessive rates of accelerastion in the recovery dive. If an ascci-

dental spin is entered with the trailing-edge flapse extended, the .
flaps should be retracted and recovery attempted immediately. TFor -
the condition with tanks off, particular care should be exercilsed

to avoid aileron-against settings elther during the spin or recovery.
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For recovery from inverted spins, the rudder should be reversed
briskly and the stick moved to neutral (lateral}.y a:ad. longitudinally)

L e,

béNéLUSIons

Based on results of spin 'bee‘bs ‘of a %‘E- sca.le mod.el df the '

McDonnall xp-88 a,irplane the Pollowing conclusions regarding the
spin and recovery characteristics of the a.irplane at & gpin altitude
of 15,000 feet have been drawn:

1. Recoveries of the airplans in the normal loeding will be
generally satisfactory provided the allerons are not forcibly moved
against the spin. Recovery should be sttempted by reversal of the
rudder fully and rapidly, followed one~half turn later by movement
of the stlck forward of neutrel, while maintaining it laterslly
neu‘bral

2, Wth ’che Jhorizontal tall raised 7O inches or with a large
ventral fin added, satisfactory recoveries willl be obtained for
all aileron se'btings.

3. Satisfactory recoveries can be obtalned for =sll alleron
pettings with the lesding-edge flaps deflected.,

L, Recoveries from inverted spins will be satisfectory and
should be asttempted by rapid full rudder reversal and stick
neutralization.

5. In the long-renge loading both a flat and a steep spin may
be encountered: from the steep spin rapild recoveries will be obtained
but from the flat type recoveriles mey be poor. If the alrplane
appears to be entering the flat spin, recovery should be atiempted
immedistely and i1f recovery is not imminent, the tanks ahould be
Jettisoned and the recovery abttempt repeated.

6. A 12,0-foot—-dlameter tail parachute with a towline of 40 feet
or a h.0-foot-dlameter perachute with s 16.0-foot towline opensd on
the outer wing tip will be satlisfactory for emsrgency recoverlies
from spins. These sizes are based on a drag coefficient of 0,66
for the lald-~out—flat swrface area.

T, If neceesary to abandon the airplane in a spin, the pilot
ghould leave from the outboard side.
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8. If 2 spin is inadvertently entered in the landing condition,
the trailing-edge flaps should be neutralized and recovery ettempted
inmmediately.

9. The pedal forces necessary to move the rudder to effpct
setisfactory recovery will be within the physical capability of * * -
the pilot. ' . _ . _

Langley Memorial Aeronauticsl Laboratory E RN
Nationel Advisory Committee for Aeronga;gp‘._'acs

Langley Field, Va,
WA e :.’ —:. h

L P - ;’— /'_ -

/T T, f';je. L’};Vvﬂvnj
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Aeronauvticel Engineer ' ' -
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TABLE I,- DIMENSIONAL CHARACTERISTICS

OF THE MCDONNELL XP-88 AIRPTANE

Ilengbh OVGI‘—all, ft [ ] [} L ] L] . . . ] L] [ ] . L
Normal center—of—gravity location, percent T

Wing:
Span, £t . . . . ¢« . .
Area, sg £ . . . . .
Sweepback at c/k, deg
Incidence, deg . . .
Dihedral, deg . . .
Bection . . . .+ . .
Agpect ratlo . . . .
Mean aerodynamic chord, in,
Leading edge of © rearward of leading edga
chord , 1n * - L L4 L] * . L) L] L] L ] L3 L ] L] .

L3 L I L I ) .
e - & e ® @ .
* s + s e o @
[ - - - L] L] -
- e« 2 e & A =

Allerons:
Area, 8d F5 . « ¢« ¢ 4 o ¢ 0 & @ . »
Span, percent B/2 . . . . . 4 . .
Hinge-line locatlion, percent wing chord .,

Horizontal tall surfaces:
Total area, 84 £5 o % ¢ o« o ¢ o o o » o« &
Span’ ft [ L 4 L 4 L Ll L] L] . . L4 - L] L - - . L]
Elevator area aft of hinge line, sq £t . .

Digtance from normal center of gravity to elsv

hinge line at fuselage center line, It

L
ator

Incidence, 088 o o « 5 o o « 2 o o s 2 o » ¢ o a

Verticel tall surfaces:

PTotal area, 88 TL + ¢« « ¢ + ¢ ¢« o ¢« ¢ « ¢« 2 o o+ »
TPotal rudder area aft of hinge line, sq £t . . .
Distance from normal center of gravity teo rudder

line at water 11lne 70, £ . ¢« + . . ¢ & ¢ + &
Tall-damping power £actor. « « « « ¢ o ¢« « » ¢ s o « WO X 1
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L]
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16

46.6
10,7
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mmn.—cmmmmmwm%-mmmmmmn—&&mam g. ’
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Q
" [Flaps and landing gear retracted wmless othexwime noted; right splmﬂ >
- a
: =
Type of , Dats presonted in =
-"P"m Comdition Loading Modification Parachutes Fgnre o)
ap Chart | Tabls '
!
. Erect %01loan Yormel | —~~ === e | m - 1 - 1, 2 %
._I.
Toverted Clsan Normal ——— e | e = a - —— 1, 2
Erect Leadina-adem Norgal, T e 3 - 4
flaps deflected .
Ereot Clean Tong rengd | = —— -~ == — =~ ——————— M _—— ‘2
Brect Clean Hormal. Ruddsr extension ————— ——— IV 3
mmiber 1
Ereot Clasn Normal, Ruddsr sxtenaion ————— -——— IV 3
mmber 2
Eraect Clean " Norml Veutral £in number 1 | = =~ — = ———| Iv 3
i and rudder sxtension :
number- 3
Erect Cloan Rormel Yontral fia mmber 2 | =~ =~ = -—— iv 3
and rudder extensiom
numbar h
Ereot Clean Formel | m— = e = Tall —_——- v ————
Eroot Clean. Normel e —————— o~ — Wing - v -_————
&p1lot-onoape and rudder-forcs tests wers parformed with the model in this comditiom,
RATIONAL ADVIBCRY :
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TABLE ITI.— MASS CHARACTERISTICS AND INERTIA PARAMETERS FOR TOADING

CONDTTIONS POSSTBIEZ ON THE MCDONNELL XP-88 ATHPLANE AND ¥OR

mmmsmonmih-mm
o

[Hodol values ave prosemied in terms of full-scale valuss]

Center—of— Moments of Inertia about
arevity center of gravity Mass parameters
Fumber location
(sane W Ir-Ty -1 Iy, -
an | Toodivg ?ig‘)‘t Ben | 15,000 /5 15 Iy Ty I, -1, Iy
f1g. 6) a : ¢ | ® 2 2 2 mh? mb? b2
' lavel] £t (elyug-£t°) | (alug-rt°)| (alug-£t=) .
Alrplans valmes
1 |Morma1 [16,520]15.6 | 24.8 [0.196(0.067| 12,211 | he,28 | 1,888 |—370 x 207|119 x 10| 48 x 207
2 |Long |21,154/29.9 | 31.6 | .330| .0K6| 75,376 | B8,59r | 121,080 | 239 598 k39
rangs
! Model veluves
1 |Wormer 16,57 |15.6 | 24.8 |o.212]0.06% | 12,724 | 1s,328 55,067 |02 x 107*[<120 x 10°%| 520 x 207
2 Iong [21,3h0(20.1 | 31,9 | .340| .06% | T3.671 52,671 120,386 | 202 =668 he6
rangp
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TABLE IV,~ EFFECT OF TAIIL, MODIFICATTIONS ON THE SPIN ARD RECOVERY CHARACTERISTTCS
L]

[Normal loading; flaps noutral; cockpit closed; recovery attempted by rapid
rudder reversal to full against ths spin except as indicated (recovery
attempted from, snd steady-spin date presented for, rudder—with epins);

right erect spins)

T2HLT "ON WY VOVN

. Ventral fin VYentral fin
number ) and mmber 2 and
Rudder extsnsion mmber 1 | Ruddar extension number 2 rudder extenslon r extonsion
nmber 3 number 4
- 13 | orad 1/3 | Ful /3 | Fun | 1/3 |
Mlerons | Neutral agalnst Reutral againat | egaingt againat | against outiral againat | againat
Elevatar Up 2/3 up Up Up 2/3 wp Up 2/3 up Up Up 2/3 up *op
@, dog |~==-=| 38 |-~-=| 37 Mo |-—==| W | =—==| s 39 37
S5e
g, tog |~===| 0 |--=~| 3 W |---==| B | ----| 3 1v Y
8, ypa |m=ww| 033 |---~| 0.33 034 |(——-- 0.32 —— =~} 0.31 0.32 0.30
Approxi~ Approxi-—
V, fps | mately a7 258 268 268 | mabely 279 251 279 275 251
265 olh
Turns for b, b bl b, b 1 11 | vl
recorery | B 5 | T ha | $3 B, g | 5>1 |2, 6 2 | p b L g

aOmillatory and wandering spin,
ecovery attempted by reversal of ruddsr from full with to 2/3 against the spin,

NATTONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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TABIE V.-~ SPIN-RECOVERY PARACHUTE DATA OBTATNED WITH THE ;'—h—SCAIE

MODEL OF TEE MCDONNELI, XP-88 ATRFLANE

[I-oa.d.intz point 1 on table IIT and figure 6: rudder fixed full with
gpin; model valuee converted to corresponding full—sce.le values;
Cp of parachutes 0.66; right erect spinél

Parachute; Towlline )

dlameter length Allerons Elevator | Turns for
(£t) (ft\ - | recovery

Tell parachutes
8.0 ko 1/3 egeinst| 2/3wp | 1,>3, ©
9.6 40 1/3 agatnst| 2/3wp | 1,1, 1p
9.6 Lo Feutral Full up -E, 1,2%
12.0 %0 1/3 sgainst| 2/3wp | &, = 1
12.0 10 Neutral Full wp | 1, 1%, 1%
Wing=tip parschutes

2.0 19.6 Neutral Full up ©, @
k.0 16.0 Neutral Full up .i-, i- 1

"Visua.l observation,

NATTIORAL ADVISORY
COMMITTEE FOR AERONAUTICS
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QHART 1.- SPIN AND REOOVERY CHARACTERISTIOS OF THE pi-SCALL MODEL OF THE

[I,ouding point 1 on table III and figure 6; flaps neutral; cocakpit oclosed;
noted (recover

HeDORNELL XP-fS%£ AIRPLAKE IK THE RORMAL LOADIRG

by rapid full rudder reversal except

dats presented for, rudder-with splns

3

right eraect sp

Chart 1

recovery attempted

Iﬂaﬁtwgtad from, and steady-spin

s
39 RO
52 | ép & g
N <
o o
251 p.33 & P
- -
»5;>12 E E
d d
3
3t (o 39 | 2w
272 p.35 26% |0.35
] e
8 L, %

Atlerons 1/3 againstd Ailerons 5° EE!Q

a

Lo | 180
hg | 6D

Allerons full against

33 | 60
4% "1 5D

!
-
o=

Elevator full up -l

(8tlok back)

265 j0.23

>7, o

a

38| 60
hg | gD

275 jo. 3k

>§, oo

{Btick left)

¥andering and oscillatory spin.
Recovery attempted before model reached final steeper

attitude.

265 p.u42

Allerons full with

Elevator full down

i

(Btick forward)

ho

2u

254

o.4a

I,

3

Recovery attempted by reversing rudder from
full with to 2/3 against thegnpin.

(8tick right)
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HoDORKELL XP-£8 AIRPLANE IK THE NORMAL LOADING
[Zoading point 1 on table III and figure &; flaps neutral; ocockpit closed; recovery attempted
by rapid full rudder reversal (recovery attempted from, end steady-spin data presented

for, rudder-vith“#pinn); spins to pilot's righ

Chart 2

x SCALE WODEL OF THE

o

spin

8tick left

Ho rpin

Btiok forward

»

{Oontrola together)

Stick right

(Controls exossed)
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336
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OHART 3.~ SPIN AND RECOVERY CHARACTERISTIOS OF THE EJ-'H:'EOALI HODEL OF THE MoDORNELL
XP-%8% AIRPLANE WITH THE LEADING-EDGE FLAPS DEFLECTED 30°

Efoml loading (point 1 on table III and rigu.re' 6); trailling-edge fleps neutral; cookpit
oclosed; roovery attempted by rapid full rudder reversal (recovery attempted from, and
steady-spin data presented for, rudder-with spins); right erect spins:l

App
No ppin 292 No |spin

°1 °E

"

I

5
F
I
ol M
&1 a
€|
»|
2|2
]
a a
27 |50
3% [ 5D
5 Allerons full agalnst N Atlerons full with e
in .
°e (Btiok left) 306 p.3 (Btiok right) >321
51 By
“~
-
E —
Wi
-
2|k )
H s ]
olw
al'a
g3 NATIONAL ADVISORY
E z COMMITTEE FOR AERORAUTICS
a Two § conditions possible
33 hu
42 | 4D
No|spiw N 299 No | spin »321
1. 1 b&
8)Xodel goes into & dive. . . . ,A
blhndcrins spin, oscillatory in yaw. M:“ m;sl
°8teop spin, recovery attempted before model
8 Teached finsl steeper attitude. :zi::r::juﬁ . v x
rratic, whipping motion. corresponding tfpsl | (rps)
full-scale values. =
U inner wing up Turns for
D inner wing down recovery
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CHART b4.- SPIN AND RECOVERY CHARAGTERISTICS OF THE E]:E-BOALE KODEL OF THE McDONHELL

XP-88 AIRPLANE IR THE LOHé-B.LNGE LOADING {WING-TIP FTUEL TAMKS INSTALLED}
[and.ﬂ.ns point 2 on table III and figure 6; flaps neutral; cockpit closed; recovery attempted

by rapid full rudder reversal except as noted {recovery attempted from, and steady-spin
data presented for, rudder-with spins); right erect spins]

Two types of spin Two types of apin
7 jo & 73 | w
< App
32k 217 }0.39 2 336 217 [0.37 298
2 6 8 1 3 1 i 3
o - - ¥
b 8, o s 2’ i 5, 2, b 2' i
: &
M, Ly
Two typ of spin X
. )
4 to 1u |~
Allerons 3 L& =K .
1/3 against “is ~
328 [0.23 | 223 [0.39 § o
b, b bg sla
- 218
Two types of spin esl’ °5% Two types |of spin Two types of epln
& Allerons
o Adlerons 3320|770 |puma ™ |lo |33 [ep
full against N with
0.32120 a.
>336 217 {o.43 (Stiox lert) 336 jo.321203 3 (f.{'éﬁb 217 |o.38 | 315 |o0.30
<o 1l
¢ 21 2 | o >5 35 2
%, &6 :
a
§ —_
MF
3B
-3
£ L 2]
ok
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Twe types Yyof spin Two types of spin
™| w
No | spin] : >336 207 217] . b336
E 6, & 1
‘Recover: attempted by simultanecus full nverani -
of the rudder and elevator. 2 <
ecovery attempted by reversal of the rudder tieg) | tceg?
from full with to 2/3 agsinst the spin. wclel velues v T
®Recovery attempted by simultanecus reversal converted to tfret | tresd
of the rudder to 2/3 against the spin and ;igff:i:;’:‘:;mes i
the elevator to 1/3 down. UM ireer wing ap - Turns for
z COer wing 19Wrn recocver;y
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ELEVATOR
HINGE LINE.

AILERON
HINGE LINE

1
FLAP v
HINGE LINE \6-80
LEADING~
EDGE FLAP .

2712 .
RUDDER HINGE. LiNE. T
” F Y
10.83 REPEREREE LiNE 3377 ,
. | 5.83
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|
FIGURE {.— THREE-VIEW DRAWING OF THE 34-SCALE MODEL CF THE |
NMcDCONNELL XP-868 AIRPLANE AS TESTED IN THE FREE-SPINNING
TUNNEL , CENTER-OF -GRAVITY LOCATION 1S SHOWN FOR NORMAL

LOADING,
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(b) Long-range loading.
Figure 2.~ 'The -z%-scale model of the McDonnell XP-88 alrplane in the
normal (tip tanks off) and long~-range (tip tanks on) loadings. -
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FIGURE 3,—RUDDER EXTENSKONS AND VENTRAL FINS TESTED ON THE 24 5CALE MODEL
OF THE McDONNELL XP-88 AIRPLANE, DIMENSIONS ARE FULL SCALE,
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NEUTRAL POSITION

l\ 123.367
395 CHORD LINE

DEFLECTED POSITION
1/ . - - L a——

FIGURE 4.- LEADING-EDGE FLAP POSITIONS TESTED
ON THE .%:;-SCALE MODEL OF THE McDONNELL
X P-88 AIRPLANE. SECTION SHOWN IS INBOCARD
END OF FLAP.DIMENSIONS ARE FULL SCALE.
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Figure 5.- Photograph of the -2—]4—-scale model of the McDonnell XP-88
airplane spinning in the Langley 20-foot free-spinning tunnel.
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FIGURE 6, — INERTIA PARAMETERS FOR LOADINGS OF THE

McDONNELL XP-88AIRPLANE AND FOR THE LOADINGS
TESTED ON THE s -SCALE MODEL,(POINTS ARE FOR
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